Abstract. Diffuse attenuation coefficient, Kd(λ), has an empirical relationship with water depth, thus potentially to be used to estimate the depth of the water based on the light penetration in the water column. The aim of this research is to assess the relationship of diffuse attenuation coefficient with the water constituent and its relationship to estimate the depth of shallow waters of Air Island, Panggang Island and Karang Lebar lagoons and to compare the result of depth estimation from Kd model and derived from Landsat 8 imagery. The measurement of Kd(λ) was carried out using hyperspectral spectroradiometer TriOS-RAMSES with range 320 -950 nm. The relationship between measurement Kd(λ) on study site with the water constituent was the occurrence of absorption by chlorophyll-a concentration at the blue and green spectral wavelength. Depth estimation using band ratio from Kd(λ) occurred at 442,96 nm and 654,59 nm, which had better relationship with the depth from in-situ measurement compared to the estimation based on Landsat 8 band ratio. Depth estimated based on Kd(λ) ratio and in-situ measurement are not significantly different statistically.
INTRODUCTION
Utilization of optically based remote sensing technology for depth mapping had a limiting factor, which is attenuation on the water column. Light intensity that penetrated on water column will exponentially decrease by the depth and another process that occurred in water columns such as absorption and scattering. It caused light transmission that carrying information back to the sensors of satellite become decreased because the interaction with water constituent (Groetsch 2011) .
Information about Kd(λ) values can be used as a basic information to assess the circumstances of water column optically. The information can also be used as the range of light penetration that can be sensed by satellite sensor, thus the accuracy of the sensed information can be improved (Kirk 2011) . The previous studies about depth estimation on shallow waters using optically based remote sensing technology stated that the water column has a unique optical properties which is attenuation (Lyzenga 1978 (Lyzenga 1981 Green et al. 2000; Stumpf et al. 2003) . The previous research about depth estimation from satellite imagery also used band ratio. This method was used to normalized the existing reflection on the bottom of the sea that caused by light penetration on water column (Lyzenga 1978 (Lyzenga ,1981 .
One of the most commonly used band ratio methods was introduced by Stumpf et al. (2003) , where natural logarithmic functions of each band towards the measured depth to assess the interaction of light that penetrated on water column in accordance with the Beer-Lambert law, which is attenuation. This method, however, were not applicable if the water column has a dynamics optical property. The aforementioned method required two bands from satellite imagery to calculate the attenuation. The in-situ measurement of attenuation coefficient can be done with calculating the downwelling irradiance (Ed) on each depth inside the water column. Previous research about bottom habitat and depth estimation around Karang Lebar and Panggang Island lagoon, Siregar and Selamat (2010) stated that information about the optical properties on each area, such as attenuation coefficient, was required to improve the accuracy.
Calculating the diffuse attenuation coefficient (Kd) using in-situ measurement, need a specific device called spectroradiometer. The availability of such device in Indonesia was still limited and rarely used. The aim of this research is to assess the relationship of diffuse attenuation coefficient with the water constituent and its relationship to estimate depth at the shallow waters of Panggang and Karang Lebar lagoons. This research were also aimed on comparing the depth estimation derived from Landsat-8 imagery and Kd.
MATERIALS AND METHODOLOGY 2.1 Field survey location
The field measurement was conducted on shallow waters that have various bottom types consist of seagrass and coral reefs habitat. The water depth ranged between 1 to >20 meters around Air island, Panggang island and Karang Lebar lagoonal area (Figure 2-1) . The Area of study located in the longitude 5⁰43'00" -5⁰46'00" and latitude 106⁰33'30" -106⁰37'30". Points of field measurement determined using line transect methods. Field measurement of optical properties was conducted on 24-28 April 2016. There was six line transects which determined using stratified random sampling methods with the assumption of shallow waters around the lagoonal area has several groups of depth level, in the middle, edges and in the outside of lagoon.
Waters Characteristic Measurement
Water characteristic measurements were consist of water depth, water transparency, chlorophyll-a (Chl-a) and total suspended solid (TSS). The measurement of Chl-a and TSS were conducted to assess the influences to Kd(λ) values that represent the absorption and scattering. Water sample was taken from one water column (bulk measurement), with Van-Dorn water sampler, so it represented each level of depth. Water transparency measured using Secchi-disc and the depth of water column measured using sounder gun. The recording of the location coordinate was carried out using handheld GPS Garmin Montana 680 with the margin of error for the exact location within 3.65 m, concurrently with the recording of the atmospheric condition and benthic types on that location. The analysis of Chl-a was conducted on laboratory using spectrophotometry method to calculate its content. The TSS analysis was conducted by a gravimetric method for calculating the difference of weight the membrane filter. Both methods were performed in accordance with APHA (2012).
Radiometric measurement
Radiometric data were measured using three sensors from TriOS-RAMSES spectroradiometer. One of three sensors was an irradiance sensor (ACC-2-VIS), and the other two were radiance sensors (ARC-VIS) with 7° field-of-view. All sensors from TriOS-RAMSES worked in a range of 320 nm to 950 nm and spectral sampling of 3.3 nm. Data inputs to calculate diffuse attenuation coefficient was recorded from downwelling irradiances, Ed(λ), and the irradiances sensor (ACC-2-VIS). The measurement of Ed(λ) in the water column was performed underwater on depth Z1 and Zs. The sensor was pointed in 90 o upward direction to collect the incident radiation (Figure 2-2b) . The above-water measurement was also performed to calculate Remote Sensing Reflectance, Rrs(λ). The cosine collector was pointed upward for collecting the incident sky radiation as well as underwater configuration, Ed(λ). Meanwhile, a radiance sensor was pointed 135⁰ in the upward direction to measure the incident sky radiance Lsky(λ). The second radiance sensor was pointed 45⁰ downward to measure the total radiance, Lu(λ). These configuration of three sensors were in accordance by Mueller et al. (2003) (Figure 2-2a) . (Prasetyo et al. 2017) According to Prasetyo et al. (2017) the radiometric data from TriOS-RAMSES was acquired using a portable computer. The data acquired was presented as table and chart using a software called Multi-Sensor Data Acquisition (MSDA_XE ver. 8.9 .2 2014-04-28) that was provided by TriOS GmbH. The data then radiometrically calibrated using its calibration files. The sensors itself calibrated with the white reference and dark reference panel provided by Remote Sensing Applications Center of National Institute of Aeronautics and Space (LAPAN) before taking the field measurement. The Ed(λ) data then extracted from MSDA into tab-delimited format for the next process. The Ed(λ) was plotted for curve fitting with the exponential function from the Ed(λ) itself. Values of Kd(λ) then can be calculated using the Ed(λ) data on two different depth levels from RAMSES spectroradiometer by downward irradiance on hyperspectral wavelength centered on λ (Kirk, 2011) (equation 2-1).
where, z2-z1 is the differences of depth level on each measurement (m), and Ed is the values of downwelling irradiance at depth z at wavelength λ. Remote Sensing Reflectance Rrs(λ) was calculated from above water measurement. It was the ratio between the water-leaving radiance (Lw(λ)) and downwelling irradiance (Ed(λ)) (Mobley 1999; Budhiman et al. 2012) :
Water-leaving radiance, Lw(λ), was calculated from the measurement of upwelling radiance, Lu(λ), on the surface, where the total radiance came from water surface then sensed by the sensor, which is consisted by water-leaving radiances and sky radiance that reflected by above water surface. The waterleaving radiance itself calculated using the equation 2-3 (Mueller et al. 2003) .
with, Lu(λ) is the upwelling radiance measurement, that is all radiance that comes from above water surface or by surface reflectance, Lsky(λ) is downwelling radiance measurement that comes from the sky, ρsky(λ) is the coefficient from water-sky interaction that can be calculated using Fresnel equation (Hect 2002; Budhiman et al. 2012 ).
Landsat 8 Radiometric and Atmospheric Correction
The Landsat 8 imagery data on path/row 122/64 was acquired on Mei, 13, 2016. The acquisition date was the closest to the field measurement (15 days differences). The scene was corrected radiometrically and atmospherically to change the digital number (DN) into corrected reflectance values. The correction method was performed in accordance to Landsat 8 handbook provided by USGS (2015) .
The atmospheric correction was done by performing Dark Pixel methods or Dark Object Subtraction. This atmospheric correction method used the assumption that the values of Rrs(λ) which sensed by the satellite sensor was affected by atmospheric condition (Green et al. 2000; Vaderstraete et al. 2004; Budhiman et al. 2013) . Dark Object Subtraction method used the assumption that minimum pixel values that appeared other than zero are assumed from the atmosphere. All pixels on the scene then had to be subtracted by all minimum values (Jaelani et al. 2015) .
Depth Estimation Using Band Ratio of Landsat 8
Band ratio were used to normalize the effect of the bottom reflection that affected by light penetration through the water column. It was consist of two bands, and calculated based on Stumpf et al. (2003) using equation 2-4.
with Z is the actual depth from in-situ measurement, m1 and m0 is the offset and gain from a simple regression of two bands towards actual depth, ln(nRw(λ)) is the ratio band on band i and band j.
RESULTS AND DISCUSSION

Diffuse Attenuation Coefficient Kd(λ)
The measurement of Kd(λ) was conducted to assess the variability of optical properties in three lagoonal areas. According to Prasetyo et al. (2017) The increased value of Kd(λ) occurred in areas which was close to the coastal and in the middle of the lagoon area. This was probably due to the high concentration of chlorophyll-a and caused the increased absorption (Prasetyo et al. 2017) . It might be caused by run off the organic and inorganic matters from Island and high waves caused the stirring of bottom substrate that dominantly consists of sand and other inorganic matters. Meanwhile, in the middle area of lagoons Kd(λ) were increased. Prasetyo et al. (2017) In the other hand, Kd(λ) was decreased in the outside lagoon to open water (Nababan et al. 2013) . These circumstances were described by Brown et al. (2008) , where the open waters have optical properties, which influenced by organic matters like Chl-a rather than inorganic matters like TSS. Based on in-situ measurement of Chl-a, Prasetyo et al. (2017) stated out that a high average of Chl-a values occurred on Panggang Island lagoon and the lowest was on Air Island. Based on TSS measurement, the high average of TSS values occurred on Karang Lebar lagoon and the lowest was on Panggang Island lagoon. Measurement of Kd(λ) values showed that light penetration on each sites was different. The lowest Kd(λ) values showed clearest water. Kd(λ) was a part of AOP, so the composition of organic and inorganic matters in water column has a great influence to penetrate the light on water column (Kirk 2011) .
Shallow waters have a specific characteristic. When Chl-a concentration and TSS were high, it affects the absorption and scattering of light penetration through the water column (Saulquin et al. 2013) . Wang et al. (2008) stated that Kd(λ) was influenced by absorption coefficient from water molecules and distribution of light field on its water constituent.
According to Prasetyo et al. (2017) the Chl-a measurement in this study site has positive linear relationship with ratio of Kd(λ) on λ = 443 nm and λ = 555 nm. The linear equation Kd(443)/ Kd(555) = 2,774(Chl-a) + 0,4537 and it has high determination coefficient (R 2 ) of 0,8089 (Figure 3-1a) . Meanwhile TSS has no positive relationship with Kd(λ), where Kd(550) has no significant relationship to TSS showed by p-value = 0,378 > 0,005 (Figure 3-1 b) . Kd(λ) values on 550 nm wavelength was used to calculate scattering coefficient of TSS (Petzold 1972; Budhiman et al. 2012) . Scattering itself was dominantly influenced at longer wavelength (>510 nm) and absorption coefficient dominantly influenced at shorter wavelengths (Tiwari and Shanmugam 2013) . Kd(λ) values is one of AOP part, and has a relationship with remote sensing reflectances, Rrs(λ), where Kd(490) has an empirical relationship with Rrs(λ) ratio (Rrs(490)/Rrs(555)). The higher water constituent as part of AOP asymptotically influences the empirical approach. It was used to assess the characteristic of optical properties, which influenced by absorption of Chl-a and water molecules. An analysis of Kd(490) with ratio Rrs(490)/Rrs(555) then can be done using an empirical model developed by Lee et al. (2005) where the empirical model is appropriate to be applied to the dominant area influenced by absorption rather than scattering. The empirical models above was used to describe the relationship between the Rrs(λ) at blue and green wavelength region with a simple regression to assess the correlation between the values of Kd(490) with water-leaving radiance at blue wavelength region (λ = 443 nm) and green (λ = 555 nm). That empirical model was used to derive Kd(490) from SeaViewing Wide Field-of-view (SeaWiFS) sensors (Austin and Petzold 1981; 1986 , Morel 1986 , Smith and Baker 1981 , Mueller and Trees 1997 . Kd(490) was assumed to have correlation with pure water attenuation coefficient (Kw(490) = 0,016 m -1 ). The equation can be written as follows: (3-2) Lee et al. (2005) also stated that remote sensing reflectance (Rrs) can be calculated from the ratio of water-leaving radiance with downwelling irradiance that measured just above the surface, with the Ed ratio was at Ed(490) and Ed(555). Note that Ed(490)/Ed(555) acquired from field measurement was only slightly around 1,3 occurred on this research on various sun angles, so the Ed ratio is set to constant, then the equation 3-2 can be rewritten as follows: Based on Figure 3 -2, it can be interpreted that in-situ measurement of Kd(490) that had been done by Prasetyo et al. (2017) , has a correlation with Kd(490) that derived from Lee's empirical model from ratio Rrs(490) and Rrs(555). The determination coefficient (R 2 ) is 0,706 and RMSE = 0,003. Based on Figure 3 -2, it is also shown that in three different area of in-situ measurement, there were overestimation on Kd(490), so the plot moves away from 1:1 line approach to the derived Kd(490) section on the graph. This analysis result was the opposite of what Lee et al. (2005) found, where the empirical methods to derive Kd(490) has underestimate results towards the Kd(490) from the in-situ measurement. It was happened because the results of ratio Rrs(490)/Rrs(555) from empirical models describe earlier was used to calculate the attenuation change caused by absorption from water molecules and chlorophyll-a concentration. While the results on Lee et al. (2005) studies occured because the in-situ measurement of Kd(490) was conducted in an area that dominantly influenced by scattering coefficient.
From these analysis, it can be concluded that this study area was affected dominantly by absorption rather than scattering. It refers to the simple regression analysis between Kd(443) and Kd(555) and the Kd(490) model developed by Lee et al. (2005) .
Depth Estimation Based on Kd(λ)
Depth estimation using the algorithm developed by two ratio band from satellite image was a constant value of diffuse attenuation coefficient Kd(λ) (Green et al. 2000) . The datasets of Kd(λ) from Prasetyo et al. (2017) then used to developed depth estimation algorithm using Kd(λ) that simulated with center wavelength on Landsat 8. The simulated center wavelength then used for Kd(λ), it was described in Table 3 -2. Kd(λ) ratio value from the simulated center wavelength was done by three simple linear functions, i.e. linear, logarithmic and exponential (Figure 3-3) . The graph of the Kd(λ) ratio showed that ratio between Kd(442, 96) and Kd(482, 04) has no significant relationship with depth from in-situ measurement with the plot moved away from the trendline. Meanwhile, the other ratio has significant relationship on each function with the plot moved near to the trendline (Figure   3-3) . The models and determinations coefficient of each function described in Table 3-3. Based on estimation algorithm using Kd(λ) values (Figure 3-3 and Table  3 -3) the best model fit was with exponential function with R 2 = 0,808 on the ratio Kd(λ) at wavelength 442,96 nm and 654,59 nm, and the logarithmic function on the ratio at wavelength 482,04 nm and 654,59 nm. It is in accordance with the Beer-Lambert law that diffuse attenuation coefficient has an exponential relationship with the depth.
The reason for the exponential model was chosen because it was more consistent in generating depth estimation than the logarithm model, although the coefficient of determination value of the logarithmic model is larger than exponential. The model was selected also because of the accuracy test from both models, the exponential model has value of RMSE = 0.224 and MAPE = 3.72%, compared to the logarithmic models (RMSE = 0.582 and MAPE = 11.83%).
For additional note, if the value of the ratio Kd(λ) increased then the depth sensed by the optically based sensor will get smaller, which is caused by the interruption of electromagnetic waves, when penetrating the water column. Due to the attenuation processes, the electromagnetic waves detected by the sensors, were already experiencing the interaction with water constituent and the water molecules itself (Groetsch 2011) . The ratio of Kd(λ) values occurs in the blue and red wavelength region, where the attenuation in the red region will be greater than in the blue region, it corresponds to Bukata et al. (1995) .
We found in the several locations of Kd(λ) measurement based on Prasetyo et al. (2017) dataset, the values that cannot be used to construct a model of depth estimation becomes outliers. There are seven locations that became outliers, which were station 1, 21, 22, 24, 27, 29 and 30 . If these locations were used as inputs to construct the model, the determination coefficient from models become small and the plots became be increasingly moving away from trendline. There was inconsistency on the models if Kd(λ) values influenced by the reflection or reflectance from bottom objects (sand, mud, coral bleach, etc) significantly. It occurred because the measurement was conducted in the shallow waters. An inconsistent of Kd(λ) model values on estimating depth caused the accuracy of the models to decrease. Based on the model, it also showed the smaller the ratio of Kd(λ) values, the more depth value can be calculated and estimated based on the measurement of downwelling irradiance, Ed(λ). Exponential model of Kd(λ) values towards depth from in-situ measurement showed that it has an empirical relationship, (Figure 3-3 and Table 3 -3). Kd(λ) values can be used as inputs to developed a model to calculate depth of the water column based on light penetration (Groetsch and Gege 2012) . The previous study about the relationship between water depth and diffuse downwelling attenuation coefficients was used to determine the current sensor depth from under water downwelling irradiance measurements using that model combined with improved parameterizations for the diffuse downwelling attenuation coefficients. The previous study stated out that the method for determination of depth from downwelling irradiance can produce results to investigated depth based on light penetration (Groetsch and Gege 2012) . The difference between this research and the previous research was the parameterization of the model using analytical approach which had a better and accurate results of depth estimation compared to this research that only used an empirical approach.
Depth Estimation Based on Band
Ratio of Landsat 8 Depth estimation algorithm using Landsat 8 imagery was conducted by using in-situ depth measurement as input towards band ratio from Landsat 8 reflectance. Landsat 8 band ratio's test performed on band 1 to 4 where the combinations of each band has a better sensitivity towards the increased depth. The reason these bands were used was that the reflectance on coastal blue band and blue band (435 -512 nm) decreased rapidly towards the depth. This method was in accordances with previous research (Jagalingam et al. 2015; Stumpf et al. 2003) .
After the satellite images were corrected (geometric, radiometric and atmospheric), the ratio of reflectance values then used to generate the algorithm mentioned earlier (equation 2-4). The test of band ratio was performed with certain criteria applied. The shorter wavelength as the numerator, and longer wavelength as the denominator. The test results of each band ratio towards depth from in-situ measurement generate an algorithm for each ratio as shown in Figure 3 -4.
The test result for each band ratio showed that ratio of Band 1 and Band 3 provide good relationship (R 2 = 0,6115) compared to others band ratio. It happened due to the insufficient dataset. The algorithm built by band ratio 1 and 3 is more appropriate for estimating the water column depth using Landsat 8 imagery (Figure 3-4) . Between another band ratio, band ratio 1 and 3 and band ratio 1 and 2 performed better to estimate depth (Fig.  3-4) . Accuracy test was performed for all band ratios against estimated depth by calculating the value of Mean Absolute Deviation (MAD), Root Mean Square Error (RMSE) and Mean Absolute Percentage Error (MAPE). The accuracy test is shown in Figure 3 -4.
The error on depth estimation of each band caused by the difference of spectral response against different bottom types. It is known in the area around the Karang Lebar lagoonal area that there are many different types of substrates. The substrate itself dominated by sand, which has greater reflectance value, compared to the others bottom types such as coral reef and macroalgae (Subarno et al. 2015) . The previous research to estimate depth using satellite imagery by Loomis, (2009) also stated out that splitting the bottom types could increase the accuracy.
A Comparison of the Results of Estimated Depth Using Landsat 8 Imagery and Kd(λ) Values
Based on the depth estimation algorithm using Landsat 8 image and Kd (λ) value, the estimation result of the two methods was then compared to see the accuracy and proximity to the in-situ measurement results. By calculating MAD, RMSE and MAPE, the best algorithm was chosen from two methods to estimate the depth. The algorithm on Landsat-8 band ratio was for band 1 and 3 (blue and green region), meanwhile, the algorithm selected from Kd(λ) values was the ratio between 442,96 nm and 654,59 nm (blue and red region). Both algorithms were selected based on the accuracy test with in-situ measurement. The selected algorithm based on Kd(λ) ratio were caused by the attenuation of the water column at the red region having the greatest absorption compared with the blue region. These two wavelengths were attribute to the attenuation caused by absorption of water constituent and the depth range of water column (Morel 1988) .
Band ratio algorithms from both methods had better determination coefficient compared to the rest. The result of depth estimation using both methods is shown in Table 3 Kd(654, 59) In order to know the best result of estimation using two algorithm, several test were then performed. The result showed that the algorithm of depth estimation based on Kd(λ) values was better than estimation based on Landsat 8 band ratio (Table 3-5). The results of depth estimation based on Kd(λ) band ratio and in-situ measurement then interpolated into contour map. It was then compared visually. Based on a contour map of estimated depth using ratio from Kd(λ) values on two wavelengths, it had a similar pattern between the depth from in-situ measurement (Figure 3-5) . Visually, the contour map between in-situ measurement and estimated depth by Kd(λ) values had similar pattern. An analysis was then conducted on the variances between these data. The result showed that the two data were not significantly different, showed by F = 0,563 < F critical = 4,042.
There were still some inconsistency when depth estimation using a ratio of Kd(λ) applied directly to the shallow waters. The inconsistency would caused the results of estimation become overestimate. It might be happened because of the optical characteristic on shallow waters still predominantly influenced by the reflection of bottom albedo, especially when the shallow waters had a high clarity and a high reflection of light. It made the attenuation depth increased even further from the actual water column depth. by Kd(442.96) and Kd(654, 59 ) ratio 4 CONCLUSION This study showed the relationship between Kd(λ) from in-situ measurement was the occurence of absorption dominantly by chlorophyll-a concentration at the blue and green spectral wavelength compared to the scattering by TSS. Depth estimation based on band ratio from in-situ measurement of Kd(λ) occured at 442,96 nm and 654,59 nm, which had better estimation compared to Landsat 8 band ratio using band 1 and 3. Depth estimated based on Kd(λ) band ratio and in-situ measurement were not significantly different. However, depth estimation based on Kd(λ) band ratio was inconsistent due to bottom albedo reflection because the Kd(λ) measurement was carried out in shallow waters. Depth estimation based on Kd(λ) ratio had better results compared to the Landsat 8 band ratio showed by the accuracy test to both methods. Depth estimation using Kd(λ) value on a certain wavelength was potential to be done based on the light penetration in the water column by empirical approach.
